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Abstract. A good subgrade for road pavement is required to support the 
traffic load that passes through. The characteristics of the subgrade is 
determined by the stress-strain behaviour that is expressed as a resilient 
modulus. The performance of the pavement is affected by characteristics of 
the subgrade. Characteristics of clay soil generally have a low of bearing 
capacity, especially to support the load induced by the wheel load of 
vehicles. Clay soil is very sensitive to changes of temperature and moisture 
content. The changes of moisture content cause the changes on the 
subgrade’s resilient modulus value. This paper studies the resilient 
modulus of the subgrade of clay soil by laboratory testing. To investigate 
the effect of moisture content, this testing is done on a dry side, OMC 
condition and wet side. The result shows the difference of the resilient 
modulus characteristic and deformation that is influenced by the moisture 
content. 
1 Introduction  
Subgrade is a very important layer in pavement design. Subgrade soil that is designed to 
support the pavement structure can be provided by natural soil, embankment soil and cut or 
fill soil [1, 2]. The characteristics of a subgrade material must have the engineering 
requirements of properties such as stiffness and strength. Resilient modulus is the important 
value to characterize subgrade soil for pavement design. Therefore, road pavements require 
a subgrade that is able to withstand the load received because pavements should not fail 
during their design life. 
Soil is a very variable material, it’s related with soil texture, moisture content, density 
and strength. Moisture content has a significant influence on the resilient modulus for fine 
grained soil. In a few decades, several researchers have studied the influences of moisture 
content on subgrade resilient modulus [3-8]. Moisture content of subgrade soils is one of 
the important variables to predict the resilient modulus (MR) value [9]. The objective of this 
study is to show the effect of various moisture contents on the resilient modulus of cohesive 
subgrade soil. 
Cyclic repeated loads are used to simulate traffic loading, subgrade materials are 
characterized by the increase of cyclic loading that follow with the increase of permanent 
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strain. After a few hundred cyclic loads, the deformations will be stabilized and it is called 
‘resilient modulus’ [1, 10, 11]. Resilient modulus is used to measure the stiffness of 
pavement materials. The resilient modulus is a stress-strain relationship and defined as the 
ratio of axial deviator stress to recoverable resilient (elastic) strain in repeated loading. The 
resilient modulus (MR) was calculated from the load and deformation using the following 
equation: 
                                                                    (1) 
where      MR = resilient modulus  
               d = axial deviator stress    r = recoverable (resilient) strain. 
The amount of strain depends on the level of stress applied. Deformation shows the 
critical design variable of strain. Strain is defined as the ratio of the change in length to the 
original length in the same direction. Strain can be calculated for any direction, for example 
vertical, horizontal, and longitudinal [12]. The response of the deformation of materials due 
to repeated load, namely traffic type loading is defined by the resilient response which is 
characterized as the pavement’s long-term performance. Fig. 1 shows an illustration of 
resilient and permanent strain for one cycle of cyclic load application [12, 13]. 
 
Fig. 1. One cycle of cyclic load application. 
 
Fig. 2. Strains under repeated load. 
Figure 2 above, shows the strain of a specimen under repeated load test. In the earlier 
stage of load applications, there is a considerable permanent deformation as indicated by 
the plastic strain. As the number of repetitions increase, the plastic strain due to each load 
repetition decreases. Strain is almost all recoverable after 100 to 200 repetitions of loads 
[14]. 
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Soil stiffness is characterized by the loading conditions and the number of repetitions 
are precisely assumed. Some factors affect the resilient modulus like water content and dry 
density, stress level, compaction, thixotropy, suction and loading frequency [12, 15]. 
Typically, subgrade materials are identified by their resistance to deformation under load, 
which can be a measure of the strength of stiffness.   
2 Materials and methods 
2.1 Materials 
The disturbed soil used in this study is Batu Pahat clay that is taken using backhoe at a 
depth of 2 meters from the Research Centre of Soft Soil Universiti Tun Hussein Onn 
Malaysia (RECESS, UTHM). Table 1. Below, the geotechnical properties of the clay soil is 
shown.   
Table 1. Geotechnical properties of Batu Pahat clay soil. 
Soil Characteristic value 
Natural water content (%) 92.88 
Liquid limit (%) 55.54 
Plastic limit (%) 24.58 
Plastic index (%) 30.96 
Specific gravity  2.61 
Particles: 
Gravel fraction, percent retained above sieve 4,75 mm (%) 
Coarse fraction, percent retained above sieve 0.075 mm (%) 
Fine fraction, percent passing sieve 0.075 mm (%) 
 
0 
5.87 
94.13 
USCS / AASHTO Classification CH / A-7-6 
Optimum water content (OMC) (%) 28% 
Maximum Dry Density (MDD) gr/cm3 1.85 
2.2 Methods 
A fundamental geotechnical test was conducted in this study such as the Atterberg limit, 
sieve analysis, specific gravity and standard proctor test. A standard proctor test is used to 
determine the maximum dry density (MDD) and optimum moisture content (OMC) based 
on guidelines of BS (1993) part 4. 
The resilient modulus test was conducted on fine materials as per the standard 
AASHTO T.307 using the machine Load Trac II (Geocomp). According to the standard, 
the soil was classified as type II (fine grained). The soil sample was prepared with a 50 mm 
diameter and height of 100 mm. The resilient modulus test is conducted with 15 sequences 
that consist of two phases as shown in table 2. In the first phase, the test began with a 
conditioning phase (sequence 0) which consists of applying 500-1000 repetitions of load. In 
the second phase, the specimen is submitted to cycle loading that consists of applying 100 
repetitions of load. The cyclic axial stress using a haversine-shape consists of a 0.1 second 
load pulse followed by a 0.9 second rest period.  
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Table 2. Testing sequence for subgrade soil (Type II). (AASHTO T-370). 
Sequence 
No. 
Confining 
Pressure (S3) 
Max.Axial 
Stress (Smax) 
Cyclic Stress 
(Scyclic) 
Constant Stress 
(0.1 Smax) 
No. of 
Load 
Application kPa psi kPa psi kPa psi kPa psi 
0 41.4 6 27.6 4 24.8 3.6 2.8 0.4 500-1000 
1 41.4 6 13.8 2 12.4 1.8 1.4 0.2 100 
2 41.4 6 27.6 4 24.8 3.6 2.8 0.4 100 
3 41.4 6 41.4 6 37.3 5.4 4.1 0.6 100 
4 41.4 6 55.2 8 49.7 7.2 5.5 0.8 100 
5 41.4 6 68.9 10 62 9.0 6.9 1.0 100 
6 27.6 4 13.8 2 12.4 1.8 1.4 0.2 100 
7 27.6 4 27.6 4 24.8 3.6 2.8 0.4 100 
8 27.6 4 41.4 6 37.3 5.4 4.1 0.6 100 
9 27.6 4 55.2 8 49.7 7.2 5.5 0.8 100 
10 27.6 4 68.9 10 62 9.0 6.9 1.0 100 
11 13.8 2 13.8 2 12.4 1.8 1.4 0.2 100 
12 13.8 2 27.6 4 24.8 3.6 2.8 0.4 100 
13 13.8 2 41.4 6 37.3 5.4 4.1 0.6 100 
14 13.8 2 55.2 8 49.7 7.2 5.5 0.8 100 
15 13.8 2 68.9 10 62 9.0 6.9 1.0 100 
 (a)                                                              (b) 
Fig. 3. (a) GEOCOMP fully automated resilient modulus machine (b) schematic diagram of resilient 
modulus [16]. 
3 Result and discussions 
Each sample has been compacted at five different moisture contents as can be seen below 
before the test of resilient modulus (MR). 
Table 3. Moisture content for soil testing. 
Target moisture 
content (%) 
Moisture content 
of MR test (%) Moisture condition 
22.4  21.87 OMC- 20%*(OMC) 
25.2 24.65 OMC- 10%*(OMC) 
28 27.85 OMC 
30.8 30.23 OMC+ 10%*(OMC) 
33.6 33.34 OMC+ 20%*(OMC) 
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Figure 4 presents the result of resilient modulus with various moisture contents. A total 
of 16 loading sequence was used for the repeated load test. The summary result shows the 
influence of the moisture content on the mechanical strength of soil. The highest resilient 
modulus (MR) value is at the OMC condition. According to the OMC-MDD curve, this can 
be explained when the sample is not at the optimum moisture content (OMC) point, and the 
dry density of soil is not at the maximum dry density (MDD) condition but at a position 
lower than the maximum dry density. Addition of more water soil can produce its 
saturation and it’s very difficult to compact, also if compaction is for soil with low water 
content [17]. 
 
Fig. 4. Resilient modulus value of various of moisture content for each loading sequence number. 
Figure 5 shows the data at constant confining pressure representing the resilient 
modulus at various deviator stresses. The resilient modulus (MR) value changes when the 
moisture content increases or decreases from the optimum moisture content. When the 
water content increases by 10% of OMC (+2.8%) and decreases by 10% of OMC (-2.8%), 
the MR value respectively decreases by 24% and 22%, and when the water content 
increases by 20% of OMC (+5.6%) and decreases by 20% of OMC (-5.6%), the MR value 
respectively decreases by 39% and 40%. 
      Table 4. Average of resilient modulus vs confining pressure at various water content. 
Confining 
Pressure 
(kPa) 
Resilient modulus (MR)value for various moisture content (MPa) 
OMC-20%OMC 
(22.4%) 
OMC-10%OMC 
(25.2%) 
OMC 
(28%) 
OMC+10%OMC 
(30.8%) 
OMC+20%OMC 
(33.6%) 
41.4 167 205 257 226 155 
27.6 129 178 230 165 135 
13.6 128 154 217 131 138 
Average 
of MR  143 183 236 179 145 
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Fig. 5. Resilient modulus vs confining pressure at various water content. 
 
Fig. 6. Resilient modulus vs deviatoric stress for 30.8% of moisture content. 
Figure 6, shows the influence of the deviator stress on the resilient modulus of cohesive 
subgrade showing that the decrease of the resilient modulus as the deviator stress increased 
at a constant confining pressure. The resilient modulus of soil is stress dependent, the 
confining stress and deviator stress all influence the resilient modulus value. The resilient 
modulus increases with the increase of confining stress and decreases slightly as the 
deviator stress increases [18]. 
4 Conclusion 
Resilient modulus of subgrade is one of the key material properties that is required for 
pavement design and analysis. Cyclic repeated load that is used on the resilient modulus 
test is used to simulate the traffic load condition. The resilient modulus of subgrade is not 
strength but stiffness where a subgrade can support a high amount of load applied with very 
slight deformation. Moisture content has a significant effect on cohesive soil type on the 
dry-wet conditions, this causes the decrease of resilient modulus. 
The resilient modulus increases due to an increasing moisture content until it reaches 
the optimum moisture content, the increase of water content next will cause a decrease on 
resilient modulus. Clay has a high sensitivity to moisture content variation that very 
significantly affects the changes of the resilient modulus (MR) value. 
The author would like to thank the Universiti Tun Hussein Onn Malaysia (UTHM) who has funded 
this research project under research grant No. Vot. U.571 and also the Recess Centre for Soft Soil 
(RECESS-UTHM) laboratory which has supported these research activities. 
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